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INTELLIGENT POWER DISTRIBUTION SYSTEM 



FIELD OF THE INVENTION 
The present invention generally relates to an intelligent power distribution system and 
5 method, and more particularly to an intelligent power strip and method of distributing power in 
an electronic system. 



BACKGROUND 

Many electronic and electrical systems, such as computer and home entertainment 
10 systems, require that electrical power be applied to components of the system according to a 

particular sequence to avoid causing undue stress and possible damage to the components. 

Particularly with computer systems, there are many situations in which it is advantageous to 
» j delay activation of peripheral devices until after the parent device is powered up and has attained 
i% a quiescent state. A typical situation is that of a personal or business computer system where the 
fg; activation of peripheral devices including a monitor, disk drives and printers, are delayed until 
4! after the computer itself is fully on-line. Upon activation of the parent device and after the parent 
3 " device reaches a quiescent operating state, power can be applied to the peripheral devices. This 
^1 sequence of powering up a computer system is especially helpful in eliminating undesirable 

transient currents and random logic states caused by simultaneous power up of the parent and 
m peripheral devices. 

^ For example, in many computer systems, power is first applied to the computer itself 

before power is applied to the monitor, because the computer supplies the monitor with 
horizontal and vertical synchronization pulses necessary to prevent the free running of the 
monitor's horizontal and vertical oscillators. Allowing the oscillators to operate in an 

25 unsynchronized condition can result in undue stress to the oscillators and hard failure of the 
monitor. 

Similarly, power is applied to the computer before power is applied to the printer. 
Otherwise, the printer can potentially back-feed power or control signals to the computer and 
cause the computer to fail to initialize when the computer subsequently receives power. 
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Consequently, the order and timing of the application of power to and removal of power from 
certain systems needs to be carefully controlled so as to avoid damaging the system components. 

One solution for providing power to systems similar to that described above includes 
employing an operator to manually turn on the components. Specifically, the operator can power 
on the computer itself and pause momentarily to allow sufficient time for the computer to reach a 
quiescent operating state before providing power to the computer's peripheral devices. This 
method is generally unsatisfactory, because the time delay interval is difficult to control and 
duplicate manually, and further, because it may be desirable to ensure that the power up and 
power down of the system always occur according to a particular sequence. 

Another solution is to use time delay relays ("TDRs") to provide a predetermined, fixed 
time delay between application of power to one component and the next. This method is also 
unsatisfactory, as well as being very expensive. TDRs are capable only of providing a fixed, or 
at best, a narrowly adjustable, time delay. Furthermore, the power up delay is typically equal to 
the power down delay, a condition which may be undesirable in certain cases. Finally, the time 
delay provided by the TDRs is typically not easy to adjust by an operator. 

Therefore, a need exists for an intelligent power distribution system that can provide 
power up and/or power down sequences and delays for equipment, which overcomes limitations 
and deficiencies of the prior art. 
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SUMMARY OF THE INVENTION 

It is an object of the present invention to provide an intelligent power distribution system 
and method for using the power distribution system. In embodiments of the present invention, 
the intelligent power distribution system can manage power consumption to minimize tripping of 
a branch circuit breaker which provides electrical power to the system. 

In one aspect of the present invention, a power distribution system can include a plurality 
of intelligent power strips that can be adapted for mounting in an equipment rack. The power 
strips can be individually mounted and controlled or the power strips can be daisy chained 
together to form a scalable power strip which can be unitarily controlled. The equipment rack 
can have a number of slots that may be adapted to securely hold a number of pieces of equipment 
thereon. 

Each intelligent power strip can include a housing that has a first end and a second end. 
A plurality of power outlets can be mounted on an exterior surface of the housing to provide 
power to the equipment. An aperture can be formed on the first end of the housing to enable 
power and signal conductors to access an interior region of the housing. A first communication 
port and a second communication port can be defined on the second end of the housing. The first 
communication port can include a communication-in circuit that enables bi-directional 
communication with the power strip and the second communication port can include a 
communication-out circuit that enables the power strip to be coupled to a second power strip. 

The intelligent power strip can further include a power management circuit which is 
defined in the interior region of the housing. The power management circuit can include a 
current sensor circuit that may be adapted to receive alternating current ("AC") input power over 
an AC input power line. The current sensor circuit can be coupled to the power outlets as well 
as to an AC to direct current ("DC") power supply. The AC to DC power supply receives and 
processes AC power from the current sensor circuit to generate a plurality of DC voltage values. 

The micro-controller can be coupled to the power supply and can receive one or more 
voltage values from the power supply. The micro-controller may be further coupled to a relay 
driver. The relay driver can receive control signals from the micro-controller to control a 
plurality of relays coupled to the relay driver. The relays can be coupled to the power outlets 
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defined on the housing of the power strip. The relays can be controlled to a conductive state to 
power-on the power outlets and the relays can be controlled to a non-conductive state to power- 
off the power outlets. 

The power outlets defined on the power strip can include a first group of power outlets 
and a second group of power outlets. The first group of power outlets can be coupled to the 
sensor circuit and the second group of power outlets can be coupled to the sensor circuit via the 
relays. The second group of power outlets can each include a light-emitting-diode ("LED") that 
can be controlled to illuminate to indicate that each power outlet is powered-on. 

The power management circuit can further include an input power source sensor circuit. 
The input power source sensor circuit can be coupled intermediate the power supply and the 
micro-controller. The input power source sensor circuit can receive DC input power from the 
power supply that is hereinafter defined as primary DC input power, which can be provided to 
the micro-controller. The input power source sensor circuit can further receive secondary DC 
input power from a secondary power source. The secondary power source can be provided by 
the communication-in circuit and can provide a redundant power source for the micro-controller. 
In the event that the primary DC input power provided by the power supply fails or is 
unavailable, the input power source sensor circuit can provide the secondary DC input power to 
the micro-controller. 

The micro-controller can be further coupled to an under voltage sensor. The under 
voltage sensor can be adapted to receive a predetermined voltage value from the power supply. 
The under voltage sensor can be responsive to the predetermined voltage value falling below a 
predetermined threshold value by providing a reset signal to the micro-controller. The 
predetermined threshold value can be defined by a user of the intelligent power distribution 
system. 

A non-volatile memory device can also be coupled to micro-controller to enable the 
micro-controller to store initialization and configuration information as well as other operating 
parameters. 
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The micro-controller can also be coupled to an audible alarm that can alert an operator 
that current on the input power line has exceeded a predetermined threshold value. A mute 
button coupled to the micro-controller can be actuated to silence the audible alarm. 

An overload LED, which is coupled to the micro-controller, can be controlled to 
5 illuminate with a predetermined frequency to indicate an overload status of the input power line. 

In another aspect of the present invention, a power distribution method includes 
energizing an input power line to power-up a first group of power outlets on a power distribution 
system; and controlling a plurality of relays to actuate to a conductive state in accordance with a 
predetermined sequence and predetermined delay to sequentially power-on a second group of 
10 power outlets defined on the power distribution system. Powering-on the second group of power 
outlets further includes illuminating a light-emitting-diode associated with each power outlet, 
f*i defined in the second group, to indicate a powered-on status of the second group of power 
outlets. 

0 J Initializing the power distribution system can include programming a normal-threshold 

|| value into the power distribution system; programming an overload-threshold value into the 

power distribution system; programming an under-voltage threshold value into the power 
f distribution system; programming delays into the power distribution system, the delays can be 
O related to powering-on and powering-off power outlets defined in the second group; and 
jT , programming the sequence for which power outlets can be powered-on and powered-off 
ff The method can further include sensing current on the input power line; providing the 

sensed current to a micro-controller; and determining if the sensed current is below the normal- 
threshold value. If the sensed current is determined to be below the normal-threshold value then 
the method further includes indicating a normal operating status of the power distribution 
system, 

25 The method can further include determining if the sensed current is above the normal- 

threshold value; and determining if the sensed current is below the overload-threshold value. If 
the sensed current is determined to be above the normal-threshold value and below the overload- 
threshold value, the method further includes indicating a high current status of the power 
distribution system. 
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The method can further include determining if the sensed current is above the overload- 
threshold value. If the sensed current is determined to be above the overload-threshold value, the 
method further includes indicating an alarm status of the power distribution system. 

If the sensed current is determined to be above the normal-threshold value and below the 
overload-threshold value, the method further includes controlling a first group of predetermined 
relays to actuate to a non-conductive state to power-off a number of associated power outlets. 

If the sensed current is determined to be above the overload-threshold value, the method 
further includes controlling a second group of predetermined relays to actuate to a non- 
conductive state to power-off a number of associated power outlets. 

The method can further include controlling the plurality of relays to actuate to a non- 
conductive state in accordance with a predetermined sequence to sequentially power-off the 
second group of power outlets, which are coupled to the relays; and de-energizing the input 
power line defined on the power distribution system to power-off the first group of power outlets 
defined on the power distribution system. 
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BRIEF DESCRIPTION OF THE DRAWINGS 
The foregoing and other objects of this invention, the various features thereof, as well as 

the invention itself, can be more fully understood from the following description when read 

together with the accompanying drawings in which: 

Fig. la is an intelligent power strip in accordance with an embodiment of the present 

invention; 

Fig. lb is another view of the intelligent power strip shown in Fig. 1; 

Fig. 2a is an enlarged view of a portion of the intelligent power strip shown in Fig. 1 ; 

Fig. 2b is an enlarged view of another portion of the intelligent power strip shown in Fig. 

i; 

Fig. 3 is a power distribution system which includes the intelligent power strip shown in 
Fig. 1; 

Fig. 4 is a schematic block diagram of power management circuitry which is included in 
the intelligent power strip shown in Fig. 1 ; and 

Fig. 5 is a flow chart showing a method of using the power strip shown in Fig.L 
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DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 
In the following detailed description of the present invention numerous specific details 
are set forth in order to provide a thorough understanding of the present invention. However, it 
will be obvious to one skilled in the art that the present invention may be practiced without these 
specific details. In other instances, well known methods, procedures, components, and circuits 
have not been described in detail as not to unnecessarily obscure aspects of the present invention. 

In accordance with an embodiment of the present invention, an intelligent power strip is 
set forth that can provide electrical power and power management to one or more computer 
systems and their related peripheral devices. The power strip includes internal power 
management circuitry and external power outlets. The intelligent power strip can operate in 
conjunction with power management procedures, within the scope of the present invention, to 
provide a power management system for conventional computer systems. The power 
management system may be implemented on a general purpose computer system to provide that 
computer system with automatic and/or user programmable power management features. 

Referring to Figs, la, lb, 2a, 2b and 3, in one specific embodiment, the intelligent power 
strip includes an elongated rectangular housing 12, which has a first end 14 and a second end 16. 
The housing 12 can further include a plurality of externally accessible AC power outlets 18, 
through which one or more computers 20 and their related peripherals 22 receive power. The 
power outlets 18 can be mounted along a longitudinal length of one face of the housing 12. A 
number of mounting brackets 24 can be coupled to the housing 12 to enable the housing to be 
mounted to an equipment rack 41 as shown in Fig. 3. The first end 14 of the housing 12 can 
include a number of apertures 14 which may be adapted to permit power and signal conductors to 
enter an internal region of the housing 12. The second end 16 of the housing 12 can include a 
plurality of externally accessible communication ports 26. In an embodiment, a first 
communication ports 26a is adapted to permit an external control device, such as computer 
system 20, to communicate with the power management circuitry 50 (Fig. 4) defined in the 
housing 12. A second communication port 26b, defined on the second end 16 of the housing 12, 
is adapted to permit the power management circuitry 50 to communicate with one or more 
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external devices. The external devices may be one or more intelligent power strips 10, which can 

be daisy chained together. 

In an embodiment, a power distribution system 40 can include a plurality of power strips 

1 0 which may be individually operated or which may be daisy chained together as previously 
5 described. The power strips can be mounted in the equipment rack 41 . The equipment rack 4 1 

can include a number of slots 42, which are adapted to securely hold a number of pieces of 

equipment (not shown) thereon. 

Referring farther to Fig. 4, the power management circuitry 50, which is positioned in the 

interior region of the housing 12 of the power strip 10, includes a current sensor circuit 52. The 
10 current sensor circuit 52 receives AC input power over an AC input power line 54 from an AC 

power source 80 through branch circuit breaker 82. 

The power outlets 1 8 defined on the power strip can include a first group of power outlets 
A 18a and a second group of power outlets 18b. The first group of power outlets 18a can be 

coupled to the current sensor circuit and can be defined as constant power outlets. The first 
p group of power outlets 18a can remain energized as long as power is provided to the power strip 
A 10 by the AC power source 80 over input power line 54. Each outlet, defined in the second 
I group of power outlets 1 8b, can be coupled to the current sensor circuit via an associated relay 
5 56. The second group of power outlets 18b can remain energized as long as the relay 56 
M* associated with each outlet is actuated to a conductive state. 

|| The current sensor circuit 52 is further coupled to an AC to DC power supply 58 which 

can provide a plurality of DC voltage values to power other components of the power strip 10. 
The AC to DC power supply 58 can be coupled to an input power source sensor circuit 60 which 
is further coupled to a micro-controller 62. 

The input power source sensor circuit 60 is adapted to receive primary DC input power 

25 over power line 60a from the AC to DC power supply 58. The input power source sensor circuit 
60 is further adapted to receive secondary DC input power from a secondary source 61 . The 
secondary source can include a DC power line 60c provided by the communication-in circuitry 
64a, which will be described in further detail below. In an embodiment, the primary and 
secondary DC input power can include a 24-volt DC input voltage level 
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The input power source sensor circuit 60 normally operates from the primary DC input 
power, which is provided by the AC to DC power supply 58. The input power source sensor 
circuit 60 further provides the primary DC input power to the micro-controller 62 over line 62a. 
However, in the event of a failure of the AC to DC power supply 58, the secondary DC input 
power can be provided by the input power source sensor circuit 60 to power the micro-controller 
62. In this configuration, the micro-controller 62 can be redundantly powered by either the 
primary DC input power or the secondary DC input power via the input power source sensor 
circuit 60. 

The input power source sensor circuit 60 can further include circuitry to determine if the 
input power source sensor circuit 60 is providing power to the micro-controller 62 from the 
primary or secondary DC input power. In the event that the input power source sensor circuit 60 
determines that it is providing the secondary DC input power to the micro-controller, the input 
power source sensor circuit 60 can communicate with the operator, via the communication-in 
circuit 64a, to notify the operator that the AC to DC supply 58 has failed. 

In one embodiment, the micro-controller 62, which is incorporated in the power 
management circuitry 50, is a model XA, PXAG49KBA, which can be obtained from Philips, 
Amsterdam, Netherlands. The micro-controller 62 can receive a sense current signal from the 
current sensor circuit 52 over line 62b, which represents a proportionate level of current that is 
drawn by the power strip 10 over the input power line 54. 

The micro-controller is further coupled to the communication-in circuit 64a and the 
communication-out 64b circuit. The communication-in circuit 64a and the communication-out 
circuit 64b are respectively coupled to the first 26a and second 26b communication ports, which 
are defined on the external region of the second end 16 of the housing 12. In an embodiment, the 
communication-in circuit 64a and the communication-out circuit 64b can each include an RS232 
communication device. The RS232 communication devices associated with the communication- 
in circuit 64a and the communication-out circuit 64b can each bi-directionally communicate with 
the micro-controller 62 over their respective communication lines Txl, Rxl and Tx2, Rx2. 

The micro-controller 62 is further coupled to an audible alarm 66 and a mute button 68. 
The audible alarm 66 alerts an operator, via a speaker 13 (Fig. 2b) mounted on the housing 12, of 
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electrical current on the input power line 54 that exceeds a predetermined threshold value. The 
operator can silence the alarm 66 by actuating the mute button 68. The micro-controller 62 is 
also coupled to a non-volatile memory 70, such as an electrically-erasable-programmable-read- 
only-memory ("EEPROM"). The non-volatile memory 70 can store configuration information as 
5 well as power management operating instructions. 

An under-voltage sensor circuit 72 is coupled to the micro-controller 62 and can provide 
a reset signal to the micro-controller 62 over line 62c. More specifically, the under-voltage 
sensor circuit 72 is adapted to receive a 5-volt value from the AC to DC supply 58. The under- 
voltage sensor circuit 72 compares the 5-volt value to a predetermined threshold value. If the 5- 
10 volt value falls below the predetermined threshold value a reset signal is provided by the under- 
voltage sensor circuit 72 to the micro-controller 62 over line 62c. 
fvi For example, the predetermined under-voltage threshold value can be programmed to 4.6- 

:rr;; volts. Thus, if the 5-volt DC voltage provided to the under-voltage sensor circuit 72 by the 
CO power supply 58 falls below the under-voltage threshold value of 4.6-volt, a reset signal will be 

provided to the micro-controller 62 over line 62c. The reset signal can reset the micro-controller 
% 62 or maintain the micro-controller 62 at an idle state until the AC to DC supply 58 provides the 
s under-voltage sensor circuit 72 with a voltage value that exceeds the threshold value or which 
p exceeds the threshold value of 4.6-volts in this example. Maintaining the micro-controller in an 
i- l idle state, when the 5-volt value provided by the AC to DC power supply is below the threshold, 
|l minimizes the micro-controller entering a random logic state. 

The micro-controller 62 is further coupled to a relay driver circuit 76. The relay driver 
circuit 76 is coupled to each relay 56 associated with each of the power outlets 18b. 
Additionally, the relay driver circuit 76 can provide a control signal to each relay 56, which is 
associated with each power outlet 18b, to power-on and power-off each power outlet 18b. More 
25 precisely, each relay 56 can be individually actuated between a conductive state and a non- 
conductive state for controllably providing power to each power outlet 1 8b that is associated with 
each relay 56. Each power outlet 1 8b can include an LED 1 5 that can be controlled to illuminate 
to indicate to an operator that a particular power outlet 18b is powered-on. 



[Docket No. 18133-043] 



Page -11- 



An over load LED 78 can be coupled to the micro-controller 62. The over-load LED 78 
can be controlled to illuminate or flash at a predetermined frequency to indicate the operating 
status of the intelligent power strip 10 to an operator. In one example, the overload LED 78 can 
be controlled to illuminate a green light when the current drawn over input power line 54 is 
under a predetermined normal-threshold value. The overload LED 78 can also be controlled to 
illuminate a green flashing light when the current drawn over input power line 54 is over the 
normal-threshold value, but below a predetermined overload-threshold value. The overload LED 
78 can be further controlled to illuminate a red light when the current drawn over input power 
line 54 has exceeded the overload-threshold value. 

Referring further to Fig. 5, a method of operating the intelligent power strip 100 can 
include an operator powering-on the first group of power outlets 18a by applying AC power to 
the input power line 54 at step 110. Immediately after applying AC power to the AC input 
power line 54, the first group of power outlets 18a can be powered-on to energize one or more 
computers 20 or peripheral devices 22 coupled therewith. After applying AC power to the power 
strip 10, the power strip 10 can be initialized at step 120. In initializing the power strip 10 at step 
110, the operator can program the power strip 10 with a number of system parameters and 
operating configurations. The system parameters and operating configurations can include: a 
normal-threshold value, an overload-threshold value, an under-voltage threshold value, delays 
related to powering-on and powering-off the second group power outlets 18b and the sequence 
for which power outlets 1 8b can be powered-on and powered-off. 

After initializing the power strip at step 120, the second group of power outlets 18b can 
be selectively powered-on at step 130. The second group of power outlets 18b can be selectively 
powered-on, at step 130, in accordance with the operator defined sequence and operator defined 
delays. Similarly, one or more computers 20 and/or peripheral devices 22, which can be coupled 
to the second group of power outlets 18b can also be powered-on in accordance with the 
sequence and delays. 

After the step of powering-on the second group of outlets at step 130, the method of 
operating the intelligent power strip further includes sensing current on the power input line 54, 
at step 140, with the current sense circuit 52. The current values sensed by the current sense 
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circuit 52 are provided to the micro-controller 62 to enable the micro-controller 62 to determine 
if the normal-threshold value or the overload-threshold value has been exceeded. At step 150, if 
it is determined that the sensed current on the input power line 54 is below the normal-threshold 
value, normal operation can continue at step 160. If the micro-controller 62 determines that the 
5 current on input power line 62 has exceeded the normal-threshold value at step 150, but is still 
below the overload-threshold value, as determined at step 170, the micro-controller can provide a 
control signal over line 76a to instruct the relay driver 76 to actuate one or more relays. At step 
180, the relays 56 can be actuated to a non-conductive state to power-off one or more associated 
power outlets 18b and associated equipment. At step 190, the micro-controller can further 
10 control the overload LED 78 to flash a green light to indicate the overload status of the power 
strip 10. 

At step 170, if it is determined that the sensed current on the input power line 54 has 
% exceeded the overload-threshold value, the micro-controller 62 can provide another control 
;f signal over line 76a to instruct the relay driver 76 to actuate additional relays 56. At step 200, 
Q§ the additional relays 56 can be actuated to a non-conductive state to power-off additional power 
]f: outlets 18b as well as associated connected loads. In this manner, one or more power outlets 
m 1 8b can be powered-off depending on the current sensed on the input power line 54 to minimize 
M ! branch circuit breaker 82 tripping, which can cause all of the power outlets 18 to power-off At 
y, step 210, the micro-controller 62 can turn on the alarm 66 to alert an operator of the overload 

status of the power strip 10. At step 220, the micro-controller 62 can further illuminate the 
CS overload LED 78 to provide a red light to alert an operator of the overload status of the power 

strip 10. 

At step 160, an operator can elect to power down the power strip 10. The power strip 10 
can be powered down by selectively powering-off the second group of power outlets 1 8b, at step 
25 230. The second group of power outlets 18b can be controlled to power-off in accordance with 
the operator defined sequence and operator defined delays. Therefore, the second group of 
power outlets 18b can be sequentially powered-off to sequentially de-energize the one or more 
computers 20 or peripheral devices 22 coupled to the second group of power outlets 1 8b. At 
step 240, the first group of power outlets 18a can be powered-off immediately after removing 
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power from the AC input power line 54, which consequently de-energizes the one or more 
computers 20 or peripheral devices 22 coupled to the first group of power outlets 18a. 

In an embodiment, the operator can further program additional power strip operating 
parameters such as a maximum current draw on the input power line 54. The maximum current 
5 draw value is a percentage of the full load current carrying capacity of power conductors (not 
shown) defined in the input power line 54. For example, if the input power line includes four 
copper number 10 American Wire Gauge ("AWG") conductors with type-THHN insulation, the 
Ml load current carrying capacity of the conductors will be approximately 30-Amperes. In this 
example, the operator can program the maximum current drawn over these conductors to be 66 
10 percent of their full load current carrying capacity or approximately 20- Amperes. As a result, 
when the power strip 10 is initially energized the second group of power outlets 18b can be 
sequentially energized, provided the sensed current on input power line 54 does not exceed the 
s 4j percentage of the full load current carrying capacity of the power conductors or 20- Amperes in 
rff this example. Programming the maximum current drawn on the input power line 54 can prevent 
jS thermal stressing of the conductors and avoid damaging the conductors as well as avoid branch 
%• circuit breaker 82 tripping. 

J In other embodiments of the present invention, the power strip 10 can be mounted 

horizontally in the equipment rack 41 or alternatively, the power strip 10 can be flush mounted 
on an exterior surface of the equipment rack 41 without departing from the spirit and scope of the 

2$ present invention. Although not shown, it can be readily understood by those skilled in the art 
that the power outlets 18 and associated power management circuitry 50 included on the power 
strip 10 can be adapted for mounting in a portable housing without departing from the spirit and 
scope of the present invention. For example, the portable housing can include a rectangular, 
cubical or cylindrically shaped structure that can accommodate the power outlets 18 and power 

25 management circuitry 50. In this manner, the principles of the present invention, as described 
above, can be incorporated into a power distribution system that is easily transportable. 

Having thus described at least one illustrative embodiment of the invention, various 
alterations, modifications and improvements will readily occur to those skilled in the art. Such 
alterations, modifications and improvements are intended to be within the scope and spirit of the 
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invention. Accordingly, the foregoing description is by way of example only and is not intended 
as limiting. 
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What is claimed is: 

1 . A power strip, comprising: 

a housing having a first end and a second end; 

a plurality of power outlets mounted on an exterior surface of the housing; 
a power management circuit defined on an interior region of the housing, 
including: 

a current sensor circuit that is adapted to receive input power over an input 
power line, the current sensor circuit being coupled to a power supply and to the 
power outlets; 

a micro-controller coupled to the power supply and to a relay driver, the 
relay driver receiving control signals from the micro-controller; and 

a plurality of relays coupled to the relay driver and to the power outlets, 
wherein the relays receive a control signal from the relay driver to actuate the 
relays to a conductive state to powering-on the power outlets and the relays receive 
another control signal from the relay driver to actuate the relays to a non-conductive state 
to powering-off the power outlets. 

2. The power strip of claim 1 , wherein the power outlets include a first group of power 
outlets and a second group of power outlets, the first group being coupled to the sensor circuit 
and the second group being coupled to the sensor circuit via the relays. 

3. The power strip of claim 2, wherein an input power source sensor circuit is coupled 
intermediate the power supply and the micro-controller, the input power source sensor circuit 
receiving primary input power from the power supply and receiving secondary input power from 
a secondary power source, whereby the input power source sensor circuit provides the primary 
input power to the micro-controller and if the primary input power fails, the input power source 
sensor circuit provides the secondary input power to the micro-controller. 
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4. The power strip of claim 3, wherein the power strip further includes a plurality of 
communication ports. 

5 5. The power strip of claim 4, wherein the communication ports include a first 

communication port coupled to a communication-in circuit and a second communication port 
coupled to a communication-out circuit, the communication-in circuit and the communication- 
out circuit being further coupled the micro-controller. 

10 6. The power strip of claim 5, wherein the communication-in circuit includes the secondary 
power source. 

% 7. The power strip of claim 6, wherein the micro-controller is further coupled to an under 
W: voltage sensor, the under voltage sensor being adapted to receive a predetermined voltage-value 
£8 from the power supply and being responsive to the predetermined voltage-value falling below a 
j predetermined threshold value by providing a reset signal to the micro-controller. 

h* 8 . The power strip of claim 7, wherein the micro-controller is further coupled to a non- 
volatile memory device. 

% 

O 9. The power strip of claim 8, wherein the micro-controller is further coupled to an audible 
alarm that can alert an operator that current on the input power line has exceeded a predetermined 
threshold value. 

25 1 0. The power strip of claim 9, wherein the micro-controller is further coupled to a mute 
button that which is actuated to silence the audible alarm. 
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1 1 . The power strip of claim 1 0, wherein the micro-controller is further coupled to an 
overload light-emitting-diode which is controlled to illuminate with a predetermined frequency 
to indicate an overload status of the input power line. 

12. The power strip of claim 11, wherein the second group of power outlets includes a 
plurality of light emitting diodes that can each be controlled to illuminate to indicate that an 
associated outlet is powered-on. 

13. A power distribution method comprising the steps of: 

energizing an input power line to power-up a first group of power outlets on a power 
distribution system; and 

controlling a plurality of relays to actuate to a conductive state in accordance with a 
predetermined sequence and a predetermined delay to sequentially power-on a second group of 
power outlets on the power distribution system. 

14. The power distribution method of claim 13, wherein after the step of energizing, the 
method further includes intializing the power distribution system, intializing including the steps 
of: 

programming a normal-threshold value into the power distribution system; 

programming an overload-threshold value into the power distribution system; 

programming an under-voltage threshold value into the power distribution system; 

programming delays into the power distribution system, the delays being related to 
powering-on and powering-off the second group of power outlets; and 

programming the sequence for which the second group of power outlets is powered-on 
and powered-off. 

15. The power distribution method of claim 14, wherein the method further includes: 
sensing current on the input power line; 

providing the sensed current to a micro-controller; and 
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determining if the sensed current is below the normal-threshold value, . 
wherein if the sensed current is below the normal-threshold value, the method further includes 
indicating a normal operation of the power distribution system. 



5 16. The power distribution method of claim 15, wherein the method further includes the steps 
of: 

determining if the sensed current is above the normal-threshold value; and 
determining if the sensed current is below the overload-threshold value, 

wherein if the sensed current is above the normal-threshold value and below the overload- 
10 threshold value, the method further includes indicating a high current status of the power 

distribution system. 

;|j 17. The power distribution method of claim 1 6, wherein the method further includes the step 

ft! 

determining if the sensed current is above the overload-threshold value, 
yQ wherein if the sensed current is above the overload-threshold value, the method further includes 
^ indicating an alarm status of the power distribution system. 

1 8. The power distribution method of claim 17, wherein if the sensed current is above the 
m normal-threshold value and below the overload-threshold value, the method further includes 

controlling a first group of predetermined relays to actuate to a non-conductive state to power-off 
a number of associated power outlets. 

19. The power distribution method of claim 18, wherein if the sensed current is above the 
25 overload-threshold value, the method further includes controlling a second group of 

predetermined relays to actuate to a non-conductive state to power-off a number of associated 
power outlets. 



20. The power distribution method of claim 19, wherein the method further includes: 
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controlling the plurality of relays to actuate to a non-conductive state in accordance with 
a predetermined sequence and a predetermined delay to sequentially power-off the second group 
of power outlets which are coupled to the relays; and 

de-energizing the input power line defined on the power strip to power-off the first group 
of power outlets defined on the power strip. 

21. The power distribution method of claim 13, wherein powering-on the second group of 
power outlets further includes illuminating a plurality of light-emitting-diodes associated with 
the second group of power outlets. 

22. The power distribution method of claim 14, wherein the method further includes 
programming a maximum current draw value. 

23 . A power distribution system, comprising: 

a plurality of power strips, the power strips being mounted in an equipment rack, 
the equipment rack having a number of slots adapted to securely hold a number of pieces 
of equipment, each power strip including: 

a housing having a first end and a second end; 

a plurality of power outlets mounted on an exterior surface of the housing; 
a power management circuit defined on an interior region of the housing, 
including: 

a current sensor circuit that is adapted to receive input power over 
an input power line, the current sensor circuit being coupled to a power 
supply and to the power outlets; 

a micro-controller coupled to the power supply and to a relay 
driver, the relay driver receiving control signals from the micro-controller; 
and 

a plurality of relays coupled to the relay driver and to the power 

outlets, 
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wherein the relays receive a control signal from the relay driver to actuate 
the relays to a conductive state to powering-on the power outlets and the relays 
receive another control signal from the relay driver to actuate the relays to a non- 
conductive state to powering-off the power outlets. 

24. The power distribution system of claim 23, wherein the power strips mounted in the 
equipment rack are daisy chained together to form a scalable power strip. 

25 . An intelligent power strip, comprising: 
a housing; 

a first group of power outlets defined on the housing; 

a second group of power outlets defined on the housing; and 

a means for controlling power to the first and second groups of power outlets in 

accordance with a predetermined sequence and a predetermined delay to sequentially power-on 

the second group of power outlets. 

26. The intelligent power strip of claim 25, wherein the means for controlling includes: 

a means for programming the sequence for which the second group of power outlets is 
powered-on and powered-off; and 

a means for programming delays into the power strip, the delays being related to 
powering-on and powering-off the second group of power outlets. 

27. The intelligent power strip of claim 26, wherein the power strip further comprises: 
a means for sensing current on the input power line; 

a means for providing the sensed current to a micro-controller; and 

a means for determining if the sensed current is below a normal-threshold value, 

wherein if the sensed current is below the normal-threshold value, the power strip enables a 

means for indicating a normal operation of the power strip. 
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28. The intelligent power strip of claim 27, wherein the power strip further comprises: 

a means for determining if the sensed current is above the normal-threshold value; and 
a means for determining if the sensed current is below an overload-threshold value, 
wherein if the sensed current is above the normal-threshold value and below the overload- 
threshold value, the power strip enables a means for indicating a high current status of the power 
strip. 

29. The intelligent power strip of claim 28, wherein the intelligent power strip further 
comprises: 

a means for determining if the sensed current is above the overload-threshold value, 
wherein if the sensed current is above the overload-threshold value, the power strip enables a 
means for indicating an alarm status of the power strip. 

30. The intelligent power strip of claim 29, wherein if the sensed current is above the normal- 
threshold value and below the overload-threshold value, the power strip further enables a means 
for controlling a first group of predetermined relays to actuate to a non-conductive state to 
power-off a number of associated power outlets. 

3 1 . The intelligent power strip of claim 30, wherein if the sensed current is above the 
overload-threshold value, the power strip further enables a means for controlling a second group 
of predetermined relays to actuate to anon-conductive state to power-off a number of associated 
power outlets. 

32. The intelligent power strip of claim 3 1 , wherein the power strip further includes: 

a means for controlling the plurality of relays to actuate to a non-conductive state in 
accordance with a predetermined sequence and a predetermined delay to sequentially power-off 
the second group of power outlets which are coupled to the relays; and 

a means for de-energizing the input power line defined on the power strip to power-off 
the first group of power outlets defined on the power strip. 
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ABSTRACT OF THE INVENTION 
An intelligent power distribution system including one or more intelligent power strips. 
The power strips can each include an elongated housing that may be adapted for mounting in an 
equipment rack. The housing can include a first end, a second end and plurality of power outlets 
mounted thereon. The first end can have a number of apertures that enable power and signal 
conductors to enter an interior region of the housing. The second end can include a first and a 
second communication port. The first communication port may be adapted to enable a computer 
to communicate with the power the strip. The second communication port may be adapted to 
enable the power the strip to be daisy chained with a second intelligent power strip. The power 
strip further includes power management circuitry that can power-on and power-off the power 
outlets in accordance with an operator defined sequence and delays. The power management 
circuitry can further sense electrical current drawn by the power strip and control operation of the 
power strip based on the sensed electrical current to minimize branch circuit breaker tripping. 
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As a below named inventor, I hereby declare that: 

My residence, post office address and citizenship are as stated below next to my name. 

I believe I am an original, first and joint inventor (if more than one name is listed below) of the 
subject matter which is claimed and for which a patent is sought on the invention entitled; 

INTELLIGENT POWER DISTRIBUTION SYSTEM 

the specification of which: 

| | was filed on , as United States Provisional 

Application No. 2 bearing Attorney Docket No. 



^ is attached hereto. 



I hereby state that I have reviewed and understand the contents of the above identified 
specification, including the claims, as amended by any amendment referred to above. 



I acknowledge the duty to disclose information which is material to the examination of this 
application in accordance with Title 37, Code of Federal Regulations, §1.56. 



| [ I hereby claim foreign priority benefits under Title 35, United States Code, § 1 19(a)-(d) or 
§365(b) of any foreign application(s) for patent or inventor's certificate, or §365(a) of any 
PCT International application designating at least one country other than the United 
States listed below and have also identified below any foreign application for patent or 
inventor's certificate or PCT International application having a filing date before that of 
the application on which priority is claimed. 

Priority 
Claimed 



□ □ 

(Number) (Country - if PCT, so indicate) (dd/mm/yy Filed) Yes No 

□ □ 

(Number) (Country - if PCT, so indicate) (dd/mm/yy Filed) Yes No 



□ I hereby claim the benefit under Title 35, United States Code, § 1 19(e) or § 120 of any 
United States application(s), or §365(c) of any PCT International application(s) 
designating the United States of America listed below and, insofar as the subject matter 
of each of the claims of this application is not disclosed in the prior United States or PCT 
International application in the manner provided by the first paragraph of Title 35, United 
States Code, § 1 12, 1 acknowledge the duty to disclose material information as defined in 
Title 37, Code of Federal Regulations, §1.56 which became available between the filing 
date of the prior application and the national or PCT International filing date of this 
application: 



(Application No.) (Filing Date) (Status: Patented, Pending, Abandoned) 

(Application No.) (Filing Date) (Status: Patented, Pending, Abandoned) 



PCT International Applications designative the United States: 



(PCT App No.) (US Serial No.) (PCT Filing Date) (Status) 



I hereby appoint the following attorneys and/or agents to prosecute this application and to 
transact all business in the Patent and Trademark Office connected therewith: 



Attorney or Agent 


Registration No. 


Attorney or Agent 


Registration No. 


Kevin N. Ainsworth 


39,586 


Kristin E. Konzak 


44,848 


David B. Bernstein 


32,112 


Cynthia Kozakiewicz 


42,764 


Ingrid A. Beattie 


42,306 


William A. Marino 


44,219 


David F. Crosby 


36,400 


Barry J. Marenberg 


40,715 


James G. Cullem 


43,569 


Leslie Meyer-Leon 


37,381 


Brett N. Dorny 


35,860 


A. Jason Mirabito 


28,161 


Marianne Downing 


42,870 


Michel Morency 


Limited Recognition 


Ivor R. Elrifi 


39,529 


Bradley J. Olson 


40,750 


Heidi A. Erlacher 


45,409 


John T. Prince 


43,091 


Christina M. Gadiano 


37,628 


Mike Renaud 


44,299 


John A. Harre 


37,345 


Brian Rosenbloom 


41,276 


Shane Hunter 


41,858 


Carol H. Peters 


45,010 


David E. Johnson 


41,874 


Thomas M. Sullivan 


39,392 


Kris Kalidindi 


41,461 


Howard Susser 


33,556 


Christina Karnakis 


45,899 


Shelby J. Walker 


45,192 


Robert Klauszinski 


42,742 


Martin M. Zoltick 


35,745 



Address all telephone calls to Robert V. Klauzinski at telephone number 617/348-4873. Address 
all correspondence to: 
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Robert V. Klauzinski 
Mintz, Levin, Cohn, Ferris, Glovsky and Popeo, P.C. 
One Financial Center 
Boston, Massachusetts 02111 



I hereby declare that all statements made herein of my own knowledge are true and that all 
statements made on information and belief are believed to be true; and further that these 
statements were made with the knowledge that willful false statements and the like so made are 
punishable by fine or imprisonment, or both, under Section 1001 of Title 18 of the United States 
Code and that such willful false statements may jeopardize the validity of the application or 
patent issued thereon. 



Full Name of Inventor: Daniel Rohr 

Citizenship: United States of America 

Residence: 1362 Twin Trails Ct, Fenton, MO 63026 

Post Office Address: 1362 Twin Trails Ct., Fenton, MO 63026 
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I hereby declare that all statements made herein of my own knowledge are true and that all 
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punishable by fine or imprisonment, or both, under Section 1001 of Title 18 of the United States 
Code and that such willful false statements may jeopardize the validity of the application or 
patent issued thereon. 
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